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Abstract 
In observation of in vitro phagocytic activity against Aeromonas hydrophila isolate 34k 
(a virulent form) and Escherichia coli (an avirulent bacteria) of neutrophil- and 
monocyte-like cells of walking catfish Clarias batrachus showed phagocytosis. 
N eutrophils and monocytes phagocytized the avirulent form of bacterial isolate more 
than the virulent one. Other blood leucocytes did not show phagocytosis. Peritoneal 
macrophage of the fish were separated by glycogen elicitation and the macrophages were 
being adhered on plastic cover slips for studying their in vitro phagocytic activity. Most 
of the cells were alive after adherence and showed phagocytosis against the virulent and 
avirulent bacteria. The percent phagocytosis and phagocytic index were higher against 
the avirulent E. coli than the virulent A. hydro phi fa. 
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Introduction 
Like human, fish blood plays an important role in disease resistance because of the 
antibodies in the serum and other soluble substances like lysin, a growth and enzyme 
inhibitor that have protective function and inhibit the growth of micro-organisms by 
neutralizing the enzymes on which the pathogens depend. The phagocytic cells like 
neutrophil and monocyte that are present in the circulation are being capable of 
migration to inflammatory sites via blood. They are avidly phagocytic for a wide variety 
of infectious agents like virus, bacteria, yeast etc. However, both cells and soluble factor 
of blood plays an important role in the defense mechanism of fish during the adult and 
earlier stage of infection. A variety of cells are involved in the non-specific defense 
mechanism. One of the primary defense mechanism against infecting agent is the role of 
neutrophils and macrophages as well as monocyte like cells that phagocytize the 
microorganisms and kill them (Mamnur Rashid 1997). 
As for the function of leucocytes, phagocytosis of the foreign material is one of the 
most important mechanism which protects the body from infection. There are some 
works about phagocytosis of fish leucocytes. Watson et al. (1963) conducted an 
experimental infection by bacteria in gold fish and found that neutrophils, eosinophils 
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and macrophages containing bacteria were accumulated at the site of infection. Ellis 
(1977) observed that in plaice, monocytes and macrophages engulfed colloidal carbon 
particles. However in plaice, Ferguson (1976) reported that thrombocytes, rarely 
neutrophils and monocytes showed carbon uptake. The present study reports the 
phagocytosis of virulent and avirulent bacteria by blood leucocytes (monocytes and 
neutrophils) and peritoneal macrophages. 
M.aterials and methods 
Expenmental fish 
Clarias batrachus of about 70-80 g body weight were used to observe the activity of 
their phagocytic cells. They were acclimatized in aquaria containing tap water for 7 days 
prior to the experiment with aeration and feeding at alternative day with SABINCO fish 
feed. Seventy percent water was changed everyday. The fish were not fed during the 
experiment. 
Bactena 
Aeromonas hydrophila 34k, a virulent isolate and Escherichia coli, an avirulent 
bacteria, were used. These bacteria were cultured on TSA plates at 25°C for 48 hrs. A 
suspension of 50 mg/ml of both the bacteria were prepared in PS for using in whole 
blood and 10 mg/ml for using in peritoneal macrophage suspension. 
Staining procedure 
Routine method of staining was performed for staining of blood smear on glass slide 
and adherent macrophages on cover slip by Wright and Giemsa stain (Chinabut er al. 
1991). 
Isolation of peritoneal macrophages 
Fish were injected intra-peritoneally with 2.5 ml of 2.5% w/v glycogen (Olivier et al. 
1992) in PS. After 3 days peritoneal macrophage were collected following procedure of 
Mamnur Rashid (1997). As much blood was taken out as possible with a syringe with 
anticoagulant from the caudal vein to avoid possible contamination of peritoneal 
macrophage with red blood cells. Abdominal region of the fish was disinfected with 70% 
ethanol-cotton and 5-8 ml of calcium and magnesium free Hanks balanced salt solution 
(HESS, Sigma Chemical Co. USA: pH 7.2) was injected intraperitoneally with a 26 gauge 
needle. After 10 min the peritoneal macrophage were collected after making a small 
incision on the ventral position of the abdomen with one ml sterilized pipette in 15 ml 
plastic centrifuge tube. The abdomen was rinsed with another 5-8 ml of HESS and 
peritoneal macrophage suspension was collected. After centrifuging the tube at 1500 rpm 
for 15 min the supernatant was discarded and the peritoneal macrophage was 
resuspended in minimal essential medium with Earle's salt and L-glutamine (MEM, 
GIBCO laboratories, USA). The peritoneal macrophage-MEM suspensiOn was 
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centrifuged again for avoiding the effect of glycogen and the supernatant was discarded. 
The cell suspension was then passed through 26 gauge needle for several times to release 
any possible clot of the cells. Viability of the cells was checked by staining with 0.2% 
trypan blue and counting in haemocytometer. Almost 100% of the cells were alive at this 
stage. Cell concentration was adjusted to 4.5 x 105 cells/mm3• 
Phagocytosis in whole blood culture 
One milliliter of blood was aseptically withdrawn from caudal vein of walking 
catfish with a syringe containing one drop of anticoagulant (3.6% sodium citrate) as 
before. The blood was divided into two allocates of 0.5 ml into two vials. About 50 
suspension (50 mg/ml) of Aeromonas hydrophila 34k and E coli were added to each vial 
separately. This mixture of blood and bacteria were incubated under shaking condition 
at 20°C for 2 h. Smears were prepared from the vial of blood and stained with Wright 
and Giemsa stain. 
Phagocytosis in separated pen"toneal macro phages 
The peritoneal macrophage suspension was supplemented with 0.1% fetal calf serum 
(FCS) in MEM and was seeded on to several sterilized 10 x 18 em plastic cover 
50 mm plastic petridish under moist condition and incubated for 2 h to allow 
of the macrophages. The cover slips were then rinsed gently with phosphate buffered 
saline (PBS) to wash out non-adherent cells and about 200-300 ~J,l of 0.1% FCS in MENi 
was added again. Adherence was checked by microscopic observation. About 20 ~Ll of 
above prepared A. hydrophila 34k and E coli suspension were then added separately to 
each cover slip on the adherent macrophages, at a dose of 2.6xl05 CPU/cover slip. 
Control cover slips containing adherent macrophages were not inoculated with bacteria. 
All works were done in clean bench "Edge-Gard Hood" (Baker Company Inc. Germany). 
At 30 min, 60 min and 90 min post inoculation time the cover slips were rinsed with 
PBS, dried, stained with Wright's and Girmsa stain, fixed on a glass slide by mounting 
its down surface with Canada balsam (Laba chemie, India) and the upper surface, where 
the cells were adhered, were mounted again in Canada balsam under another cover slip. 
Slides were observed under oil immersion lens at >< 1000 magnification. The percent 
phagocytosis was calculated according to the following after counting at least 
100 phayocytic cells either phagocytizing or not (Mamnur Rashid 1997). 
The phagocytic index was calculated by counting at least 100 bacteria 
phagocytized by certain number of phagocytic cells/macrophages and expressed 
following formula (Mamnur Rashid 1997): 
Ph . . d Total no. of phagocytized bacteria 1 a oocytlc m ex = 
b No. of phagocytic cells phagocytizing bacteria 
No. of phagocytic ceU phagocytizing bacteria % Phagocytosis = x 100 Total no. of phagocvtic cells counted 
Jl ...- -' 
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Results 
Phagocytosis in whole blood culture 
The results of in vitro phagocytosis of walking catfish leucocytes in whole blood 
culture were summarized in Table 1. Lymphocyte like and thrombocyte like cells 
showed no phagocytosis. Neutrophil like and monocyte like cells showed active 
phagocytosis (Fig. 1 a and b). The phagocytic cells engulfed a higher number of the 
avirulent bacteria E coli than the virulent form A. hydrophila 34k (Fig. lc). 
Table 1. Phagocytosis of different cells of peripheral blood of C. barrachus against avirulent E. coli 
and virulent A. hydrophila 34k 
Blood cells 
Lymphocyete 
Thrombocyte 
Neutrophil 
Monocyte 
,_, ''" 
Phagocytosis against bacteria 
E. coli A. hyddphila 34k 
++ 
++ 
+ 
+ 
b 
Fig.l. Photomicrograph of stained blood smear of whole blood culture with bacteria showing a. 
phagocytosis of monocyte like cell (arrow) against A. hydrophila b. phagocytosis of neutrophil like 
cell against A. hydroph1la; thrombocyte like cell shows no phagocytosis (arrow) c. phagocytosis of 
monocyte like cell (arrow) against E. coli d. photomicrograph showing peritoneal macrophage of 
walking catfish phagocytizing A. hydrophila after 30 min incubation (arrow), e. photomicrograph 
showing peritoneal macrophage of walking catfish phagocytizing E. coli after 60 min incubation. 
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Phagocytosis in separated peritoneal macrophages 
Peritoneal macrophages that adhered on cover slips were mostly phagocytic in 
nature. The phagocytic cells showed weak phagocytosis against the virulent A. 
hydrophila 34k than the avirulent E coli (Figs.l d and e). The percent phagocytosis and 
phagocytic index of the isolated peritoneal macrophage against virulent A. hydrophila 
isolate no. 34k and avirulant E. coli at different time of post inoculation have been 
shown in Table 2. Both percent phagocytosis and phagocytic index increased with time. 
The virulent form (A. hydrophila 34k) showed 31.66% phagocytosis at 30 min, 43.33% 
at 60 min and 52% at 90 min; whereas the avirulent form (E. coli) showed 70%, 80.33% 
and 89.66 % at the above times respectively. Similarly, the phagocytic indices of 
hydrophila 34k were 4.2, 5.13 and 8.43 whereas that of E. coli were 8.88, 13.87 and 23.56 
at 30 min, 60 min and 90 min post inoculation respectively (Figs. 2 and 3). 
Table 2. Change in percent phagocytosis and phagocytic index of isolated peritoneal macrophages 
by time against virulent Aromonas hydroph1la 34k and avirulent Escherichia coli bacteria 
Bacteria 
Aromonas hydrophila 34k 
Escherichia coli 
Parameters 
% phagocytosis 
Phagocytic Index 
% phagocytosis 
Phagocytic Index 
DAeromonas hydrophila 0 Escherichia coli 
100 
90 
80 
70 
! [ I 60--l I 
I 
"", 
. .., 
40 
' 
301 
201 
10 
30 flllll 60m111 90 min 
Time 
Time (post incubation) 
30 min 60 min 90 min 
31.66 43.33 52.00 
4.20 5.13 8.43 
70.00 80.33 89.66 
8.88 13.87 23.56 
[]Aerumonas hyliruph1b OEschenchta cull 
JOmm 60 mm 90 n11n 
Time 
Fi~. 2. Ch:mge l1l 'lr phagcx.:ytos1s of is\J!atcU pcntolt:al mar ... Tophages hy l!me agamsl 
i\r'mlllmJas ilvdrophifdlsnlale J4k) muJ t~VlrUlelffsdw6chia f'oli 
Fi~. 3. Chtmge 11l phagocytic int.lices or isola! ell peritunea! m:u.:rnph;li;t:S hy lllTit:- n.!_!:unsl Vlru!nl fllflll 
Of i\i'TOI/101/tl.l' hydropfrifa (ISO! ale 34k) :UIJ aVIrulent f:'.>c/ll'nf'hia rofi. 
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Discussion 
In whole blood culture, lymphocytes, thrombocytes and erythrocytes did not show 
phagocytosis but neutrophil like and monocyte like cells showed active phagocytosis. 
Higher number of avriulent E. coli bacteria were engulfed by them than the virulent A. 
hydrophila 34k. Roberts (1978) mentioned that the monocytes in fishes have been 
observed to take up foreign particles. Finn and Nielson (1971) and Mamnur Rashid et al 
(1997) reported migration and phagocytosis of nutrophils and macrophages in bacterial 
inflamation experiments in rainbow trout and Japanese flounder Paralichthys olivaceus 
respectively. Weinreb and Weinreb (1969) and Watson et al. (1963) also found those cells 
highly phagocytic to bacteria. These findings are similar to the leucocytic activity found 
in this study. Kusuda and Ikeda (1987) found that monocytes and nuetrophils are active 
phagocytic cells. They also found thrombocytes to be weakly phagocytic but lymphocyte 
and erythrocyte were not. Van-Furth et al. (1972) observed lymphocytes as being non-
phagocytic and having no developmental relationship to phagocytic cell. These reports 
agrees with the present result. Phagocytosis by thrombocytes were not apparent in the 
present investigation although many workers found the phagocytic nature of the cell 
(Ferguson 1976, Ahmad and Banerjee 1984). The thrombocytes may not be able to 
neutralize the extra cellular product of bacteria which resist phagocytosis (Plumb 1994 ). 
Phagocytic cells are important in non-specific immunity because of their ability to 
engulf and digest foreign material, thus they are important in a variety of bacterial 
diseases (Blazer 1991). Interaction of peritoneal macrophage as well as phagocytic cell 
with bacterial agents have been studied for A. salmonicida in salmon Oncorhynchus 
mykiss (Graham et al. 1988), in rainbow trout S. gairdneri (Sakai 1984) and in Atlantic 
salmon S. salar(Olivier et al. 1992). It was shown by the present study that the virulent 
form of A. hydrophila were more resistant against phagocytosis than the avriulent 
bacteria E. coli This result is supported by the findings of Mamnur Rashid (1997) in 
Japanese flounder Paralichthys olivaceus. The higher phagocytizing rate observed at the 
longest incubation time of 90 min were commonly found (Daly et al. 1994, Mamnur 
Rashid 1997). Phagocytic index and percent phagocytosis were also observed to be 
higher in case of avirulent E. coli and with longer time incubation than in virulent A. 
hydrophila and with shorter time incubation. These results agree with the study of 
Mamnur Rashid (1997) and Anisworth and Dexiang (1990). 
From the results of this study it may be appropriate to conclude that the blood 
leucocyte plays an important role in primary defense mechanism because of their 
engulfing nature against foreign particles. 
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